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RECOMBINANT ANTIBODY AND METHOD 

The prevent invention reletee to a humanised 
antibody molecule (BAM) having specificity for an 
antigen present on certain malignant cells and to a 
process for its production using recombinant DKA 
technology. 

in the present application, the term 
"recombinant antibody molecule" (RAM) is used to 
describe an antibody produced by any process 
involving the use of recombinant dna technology, 
including any analogues of natural immunoglobulins or 
their fragments. The term "humanised antibody 
molecule 91 (RAM) is used to describe' a molecule haying 
an antigen binding site derived from an 
immunoglobulin from a non-human species, the 
remaining immunoglobulin-derlved parts of the 
molecule being derived from a human immunoglobulin. 
The antigen binding site may comprise either complete 
variable domains fused onto constant domains or only 
the complementarity determining regions grafted onto 
appropriate framework regions in the variable 
domains. The abbreviation "MAb" is used to indicate 
a monoclonal antibody. 

In the description, reference is made to a 
number of publications by number. The publications 
are listed in numerical order at the end of the 
description. 

Natural immunoglobulins have been known for 
many years, as have the various fragments thereof,, 
such as the Fab, (Fab')a and Pc fragments, which 
can be derived by enzymatic cleavage. Natural 
immunoglobulins comprise a generally Y-shaped 
molecule having an antigen-binding site at the end of 
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each upper arm. Tht remainder of the structure, and 
particularly the atam of the Y, mediates the effector 
functions associated with immunoglobulins. 

Natural immunoglobulins hsve been used in 
assay, diagnoals and, to a more limited extent, 
therapy. However, such uses, espscially in therapy , 
have been hindered by the polyclonal nature of 
natural immunoglobulins. A significant stsp towards 
the realisation of the potential of immunoglobulins 
as therapeutic agents was the discovery of monoclonal 
antibodies of defined specificity (1). However, most 
MAbs are produced by fusions of rodent spleen cells 
with rodent myeloma cells. They are therefore 
essentially rodent proteins. There are very few 
reports of the production of human MAbs. 

Since most available MAbs are of rodent origin, 
they are naturally antigenic in humans. Therefore, 
the use of rodent MAbs as therapeutic agents in 
humans is inherently limited by the fact that the 
human subject will mount an immunological response to 
the MAb and will either remove it entirely or at 
least reduce its effectiveness. 

There have therefore been made proposals for 
making non-human MAbs less antigenic in humans. Such 
techniques can be generically termed "humanising" 
MAbs. These techniques generally involve the use of 
recombinant DMA technology to manipulate DMA 
sequences encoding the polypeptide chains of the 
antibody molecule. 

Some early methods for carrying out such a 
procedure are described in EF-A-0 171 496 (Res. Dev. 
corp. Japan), BP-A-0 173 494 (Stanford university), 
EP-A-0 194 276 (Cell tech limited) and wo-A-8 702 671 
(Znt. Gen. Eng. Inc.). . The Cell tech application 
disclos s a process for preparing an 
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antibody molecule having the variable domains from a 
mouse MAb and the constant domains from a human 
immunoglobulin. It also shows the production of an 
antibody molecule comprising the variable domains of 
a mouse MAb, the CHI and CL domains of a human 
immunoglobulin, and a non-immunoglobul in-derived 
protein in place of the Fc portion of. the human 
immunoglobulin; 

In an alternative approach, described in 
EP-A-87302620.7 (Winter), the complementarity 
determining regions (CDKs) of a mouse MAb have been 
grafted onto the framework regions of the variable 
domains of a human immunoglobulin using site directed 
mutagenesis using long oligonucleotides • 

The earliest work on humanising MAbs has been 
carried out. based on MAbs recognising synthetic 
antigens, such as the MP or NIP antigens. However, • 
examples in which a mouse MAb recognising lysoxyme 
and a rat MAb recognising an antigen on human T cells 
respectively were humanized are shown by Verhoeyen et 
al. (2) and fteichmann et al. -(3) . 

Zt ham been widely suggested that 
immunoglobulins, and in particular MAbs, could 
potentially be very useful in the diagnosis and 
treatment of cancer (4,5). There has therefore been 
much activity in trying to produce immunoglobulins or 
MAbs' directed against tumour-specific antigens. So 
far, over one hundred MAbs directed against a variety 
of human carcinomas have been used in various aspects 
of tumour diagnosis or treatment (6). 

There have been a number of papers published 
concerning the production of chimeric monoclonal 
antibodies 'recognising cell surface antigens* For 
instance, Sahagan et al. (7) disclose a genetically 
engineered murine /human chimeric antibody which 
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retains specificity for a human tumour-associated 
antigen. Also Nishimura it il. («) discloss a 
recombinant murine/human chimeria monoclonal antibody 
specific for common acuts lymphocytic leukemia 
antigen. 

According to' the present invention, there is 
provided a humanised antibody. molseule (KAN) having 
specif icity for the TAO-72 antigen and having an 
antigen binding site wherein at least the 
complementarity determining regions (CDRa) of the 
variable domain are derived from the mouse monoclonal 
antibody 872.3 (B72.3 MAb) and the remaining, 
immunoglobulin-derived parts of the HAM are derived 
from a human immunoglobulin. 

The variable domains of the ham may comprise 
either the entire variable domains of the B72.3 MAb 
or may comprise the framework regions of a human 
variable domain having grafted thereon the CDRs of 

the B72.3 MAb. 

The B72.3 MAb is a mouse" MAb of the type 
igOl -Kappa raised against a membrane-enriched extract 
of a human liver metastatis of a breast carcinoma 
(9). The B72.3 MAb has been extensively studied in a 
number of laboratories. It has been shown to 
recognise a tumour-associated glycoprotein TAO-72, a 
mucin-iike molecule with a molecular weight of 
approximately 10» (10). Immunohistochemical 
studies have demonstrated that the B72.3 MAb 
recognises approximately 90% of colorectal 
carcinomas. 851 of breast carcinomas and 95% of 
ovarian carcinomas. However, it shows no significant 
cross-reactivity with a wide spectrum of normal human 
tissues (11 to 14). 

It has surprisingly been found that humanising 
the B72.3 MAb does not adversely affect its binding 
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activity, and this produces a HAM which is extremely 
useful in both therapy and diagnosis of cartain 
carcinomas. 

Preferably, tha RAM of tha present invantion 
will ba producad by recombinant DNA technology. 

Tha HAM of the. present invention may comprise : 
a complete antibody molecule, having full length . 
heavy and light chains; a fragment thereof, such as 
the Pab or (Fab')t fragment} a light chain or heavy 
chain dimer; or any other molecule with the same 
epecificity aa tha B72.3 antibody. 

Alternatively, the HAM of the present invention 
may have attached to it an effector or reporter 
molecule. Por instance, the BAM nay have a 
macrocyde, for chelating a heavy natal atom, or a 
toxin, such aa ricin, attached to it by ajcovalent 
bridging structure. Alternatively, the procedures of 
recombinant DHA technology may be used to produce a 
HAM in which tha Pc fragment or CH3 domain of a 
complete antibody molecule has been replaced by an 
enryme or toxin molecule. 

The remainder of the HAM may be derived from 
any suitable human immunoglobulin. However, it need 
not comprise only protein sequences from the human 
immunoglobulin. Por instance, a gene may be 
constructed in which a DNA sequence encoding part of 
a human immunoglobulin chain is fused to a DNA 
sequence encoding the amino acid sequence of a 
polypeptide effector or reporter molecule. 

According to a second aspect of the present, 
invention, there is provided a process for producing 
the HAM of the first aspect of the invention, which 
process comprisee: 

(a) producing in an expression vector an operon 
having a DNA sequence which encodes an antibody heavy 
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or H«ht chain wherein at laast the CDRs of the 
variable domain are derived from the B72.3 MAb and 
the remaining immunogiobuiin-derived parta o£ tha 
antibody chain ara derived from a human 
immunoglobulin ; 

(b) producing in an expression vector an 
operon having a DMA sequence which encodes a 
complementary antibody light or heavy chain wherein 
at least the CDRe of the variable domain are derived 
from the 872.3 MAb and the remaining 
immunoglobulin-derived parte of the antibody chain 
•re darived from a human immunoglobulin; 

(c) transacting a boat ceil with the or each 

-vac tor; and 

(d) culturing the transfeeted eell line to 

produce the RAM. 

The cell line may be tranafeoted with two 
vectors, the first vector containing an operon 
encoding a light chain-derived polypeptide and the 
second vector containing an operon encoding a heavy 
chain-derived polypeptide. Preferably, the vectore 
are identical except in ao far as the coding 
sequences and eelectable marker* are concerned eo as 
to ensure as far as possible that each polypeptide 
chain is equally expressed. 

Alternatively, a single vector may be used, the 
vector including the sequences encoding both light 
chain- and heavy chain-derived polypeptides. 

The DNA in the coding sequencee for the light 
and heavy chains- may comprise cDHA or genomic DMA or 
both. However, it ie preferred that the DMA sequence 
encoding the heavy or light chain comprises at least 
partially genomic DHA. Most preferably, *be heavy or 
light chain encoding sequence ccmprisea a fusion of 
cPNA ~nd genomic DHA. 
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The host coll used to express the HAM of tho 
present invention is preferably * eukaryotic cell, 
most preferably a mammalian cell, such as a CHO cell 
or a myeloid cell. It has been found, surprisingly, 
that the use of cDNA/genomic DMA fusions for the 
heavy or light chain coding sequences leads to 
enhanced production of the HAM of the present 
invention in non-rayeloid mammalian cells. Thus, an 
important aspect of the Invention is the use of such 
fusions in non-myeloid mammalian cells in order to 
express the RAM. 

The present invention also Includes cloning and 
expression vectors and transfected cell lines used in 
the process of the invention, therapeutic and 
diagnostic compositions containing the HAM of the 
invention and uses of such compositions In therapy 
and diagnosis. 

The general methods by which the vectors may be 
constructed, trans f action methods and culture methods 
are veil known ps* and form no part of the 
invention. Such methods are shown, for instance, in 
references 15 and 16. 

The present invention is now described, by way 
of example only, with reference to the accompanying 
drawings, in which: - 

Figure 1 shows the DNA sequences encoding the 
unprocessed variable regions of the B72.3 MAb 
obtained by sequencing the cDRA clones pBH41 and 
PBL52. Pafeel A shows the sequence coding for the VH 
region and the predicted amino acid sequence, panel 
B shows the sequence coding for the VL region and the 
first 21 reslduee of the Ch region, together with the 
predicted amino acid sequence. The points of fusion 
with the human C regions are indicated with arrows. 



RAPID PATENT 

WO 89/01783 



10:703-413-0126 



APR 20*95 20: 13 No. 038 P. 11 
PCT/GBSS/OOTOl 



- a - 



The putative site« f cleavage f the signal peptide 
are indicated by epan triangles. The numbers refer 
to the nucleotides in the original cPlfA clonee; 

Figure 2 is a schematic diagram of the 
construction by site directed mutagenesis, 
restriction and ligation of tbe ehimaerie heevy chain 
gene; 

• Figure 9 is a schematic diagram of the 
construction by partial restriction and ligation of 
tbe ehimaerie light chain gene; 

(In Figures 2 and 3. coding sequences are shown 
as boxes, dark for the variable regione and light for 
tbe constant regions. Restriction enzymes are 
abbreviated as follows: Ec©RX«B; BglIX«B; HindZZX-H; 
MbeXZ'M; RpaZ-Rp; and ScaX=8c. Dotted lines Indicate 
the continuation of the sequence into vector or 
constant region SNA.) 

Figure 4 is a schematic diagram of tbe hCMv 
expression vector and the four alternative cDNA or 
gene constructs inserted into the BcoRI site. The 
ehimaerie heavy chain gene was inserted using a 
BamKX-EcoRX oligonucleotide adapter. Coding 
sequences are represented by boxes, dark for the 
variable regions and light for the constant regions. 
The direction of transcription is indicated with an 
arrow; 

Figure 3 shows an EL ISA analysis of C08-coil 
transf octant supematsnts. Tbe level of f 
antigen-binding capacity in the supernatant of 
COS-cell transfectants was analysed as described 
later. Dilution curves were plotted out against the 
optical density of the colour change. Different 
antibodies were used to recognise mouse or human 
epitopes, and consequently tbe antigen-binding levels 
for each curve are not strictly comparable. Each 



curve represents e co- transf ection, as follows t 
£x mouse heavy chain, mouse light chain; A mouse 
heavy chain, chimaeric light chain; Q chimaeric heavy 
chain, mouse light chain; m chimaeric heavy chain, 
chimaeric light chain; 

Figure € shows SDS-FAOE analysis in a reducing 
gel of immunoprecipitations from the supernatants of 
transf acted COS-celle. The PNA used for the 
transf ection was as follows: Lane 1, mouse light 
chain alone; Lane 2, mouse light chain, mouse heavy 
chain; Lane 3, mouse light chain, chimaeric heavy 
chain; Lane 4, chimaeric light chain alone; Lane 5, 
chimaeric light chain, mouse heavy chain; and Lane 6, 
chimaeric light chain, chimaeric heavy chain. The 
antibodies used for the immunoprecipitations were: 
Lanes 1-3, rabbit anti-mouse F(ab')a ; Lanes 4-6, 
rabbit anti-human Flab')* ; 

Figure 7 shows SDS-PAQB analysis of 
immunoprecipitations from the supernatants of 
transf ected COS-cells, under non-reducing (lanes 
1-3), and reducing (lanes 4-6) conditions. The DNA 
used for transf ection was as follows; lanes 1 and 4, 
chimaeric light chain clone; lanes 2 and S, chimaeric 
light chain, mouse heavy chain; lanes 3 and 6, 
chimaeric light chain, chimaeric heavy chain* The 
antibody used for the immunoprecipitation in each 
case was rabbit anti-human F(ab')t ; 

Figure 8 shows SDS-PAOB analysis on a reducing 
gel of immunoprecipitations from the supernatants of 
transf ected COS-cells , grown and labelled in ths 
absence (lanes l and 31, and the presence (lanes 2 
and 4) of tunicamycin. The DMA used for the 
transf actions was as follows: lanes 1 and 2 # 
chimaeric light chain clone; and lanes 3 and 4, 
chimaeric light chain and chimaeric heavy chain, The 
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antibody used f r immunopreelpltati n la each caee 
was rabbit anti-human F(ab')i ; 

Figure '9 shows radueing and non-reducing 
SDS-PAOZ gals of chimeric B72.3 produced by CHO cells ; 

Figure 10 shows a two dlmansional 8D8-PA08 gel 
of chiaasrie B72.3 produced by CHO cells; 

Figure 11 shows a time courae atudy of tumour 
labelling using 872.3 antibodies; 

Figure 12 shows the tissue/tumour ratio of the 
B72.3 antibodies; and 

Figure 13 shows the construction of plasmid 

TB002 

BtMPLK 1 

MalflCulflX and sequencing of the B72.3 heavy 

and lioht chain ePWXa. 

Polyadenylated WfA was isolated from the B72.3 
hybridoma cell line using the guanidiniu* 
isothiocyanate/caesium chloride method (13). Double 
stranded cDNA was syntheaised (17) and a cOMA library 
was constructed in bacteriophage ^ gt 10 vector 
using BcoRI linkers (18). Two screening probes were 
synthesised, complementary to mouse immunoglobulin 
heavy and light chain constant regions. The heavy 
chain probe was a 18 mer complementary to residues 
113-133 in the CHI domain of the mouse )Jl sequence 
(19). The light chain probe was a 20 mer 
complementary to residues 4658-4677 of the genomic 
mouse CK sequence (20). The probes were 
radio-labelled at the 5' terminus with ( ^ "F] ATF 
using T4 polynucleotide kinase (Amersham 
International) and used to screen the cDMA library. 

Clones which contained the complete leader, 
variable and constant regions of both tha heavy and. 
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light chains war* isolated. The EeoRI cDNA inserts 
were subcloned into M13mp8 vectors for sequencing 
(21), generating a heavy chain clone, designated 
pBH4l, and a light chain clone, designated pBL52. 
Nucleotide sequence analysis was carried out 
according to the chain termination procedure (22). 

The 980 base pair BcoftX insert in pBL52 was 
fully sequenced (22). The EcoRX insert in pBH41 was 
shown to comprise approximately 1700 base pairs by 
agarose gel electrophoresis. The variable domain and 
the 5* region of the CHI domain were sequenced, as 
was the 3* and of the clone to confirm the presence 
of the correct mouse ^1 termination sequences. The 
PICA and predicted amino add sequences for the 
unprocessed variable regions of pBH4l and pBLS2 are 
shown in Figure 1. Examination of the derived amino 
acid sequence revealed considerable homology with 
other characterised immunoglobulin genes, and enabled 
the extent of the leader, variable end constant 
domains to be accurately determined. In addition, 
HAb B72.3 was confirmed to be an IgCl K antibody, as 
previously reported (9). 

con« true t ion of th e chimeric Mousa-Human Haaw Cham 
Clone 

A genomic clone containing sequences coding for 
the human cY* region was isolated as a HindZXI 
fragment from the cosmid COS Xg8 (23) and then cloned 
via PAT1S3 into M13tgl30 as an BcoRI-BamHX fragment 
to form pJA78. Following DNA sequence analysis, an 
18 mar oligonucleotide wee synthesisad and site 
specific mutageneels was performed to convert a C 
residue to an A residue, thereby generating a novel 
Hindi II site at the start of the CHl exon, to yield 

pJA91. 
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Site directed mutagenesis was perf rmed (24) 
using BcoRX- end Bgll-eut M13» P 18 to generate a 
capped dupl.x with the nlmtt pheg. templar.. WA 
Z tranaformad i»to B. coXi HB21S4 and 
tran.formants wart propagated on B. coli HB2151 
{Anglian Biotachnology Ltd) a. described in tha 
protocol, providad. All station, war. 
using tha chain termination procedure (22 . All 
..guanoed fragments vera auhaaqu.ntly *»*° 
oth.r vector, in order to enclud. the o£ 
.acondary mutation, which may have occurred during 
the mutageneai. procedure. 

The VH domain from the B72.3 heavy chazn cDHA, 
cloned in Ml3mp« a. PBH41, waa iaolated a. an 
EcoBl-Bgll fragment and introduced into the 
KcoRI-HindUX «ite. of PJA91 in conjunction with . 32 
Lea Pair B 9 II -Hindi IX adaptor to yi.liT pJA93. **• 
product wa. therefore . chima.ric immunoglobulin 
b..vy chain gene containing a variable region derived 
from a mouae cDHA clone fu.ed to a sequence, 
compri-ing the CHI, H, CH2 and CH3 domain. 
by introns, derived from a human genomic clone. Th. 
accuracy of the variable /con.tant region junction wa. 
confirmed by nucleotide .eguence analysis. A 
sch.matic diagram of detail, of the connection i. 
givan in Figure 2. Th. con.tant region wa. 
..lactad as it po..e..e. • li»i"* repertoire of 
effector function., but doe. bind to .taphylococcal 
protein A, a potentially uaeful reagent for 
purification. 



CfinairastlfiD nf rrin ChlmajU s noune-Humim light . 
Sana. . 

The mouee light chain cDNA clone, pBL52, 
c ntain. a cutting eite for MboII 18 b-.e pairs 
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downstream from the junction of the variable and 
constant domain*. Due to sequence homology between 
the mouse and human CK genes, an identical cuttxng 
site exists in the latter gene (23) and uae of this 
site provides a method of fusing the mouse variable 
and human constant domains. Partial digestion of the 
EcoRI fragment containing the mouse cDHA done with 
MboXX generated a 416 base pair BcoRI-MbolI fragment 
with a single residue overhang. A genomic clone, 
comprising an K13-derived vector containing the human 
C-kappa gene on a Pstl-HindlU fragment was digested 
with Foist. A 395 base pair fragment containing the 
majority of C-Kappa was cloned into PAT153 using 
BcoRI linkers to form pMW200. Digestion of a *4S 
base pair 8caI-HindIII fragment from pMW200 with 
MboII generated a 374 base pair MboII-Hindlil 
fragment, which could anneal with and be ligated to 
the 416 base pair EcoRI-HboII fragment described 
above. The two fragments eere ligated into a pSP64 
vector linearised with BcoRI and HindXII, and used to 
transform competent R. coli HB101. The 
variable/constant region junction was sequenced in 
order to confirm the correct fusion. The 
construction is outlined schematically in Figure 3. 

Cftn«titier4or. nf m r — <on v»ctnrs for Trnnsitnt 
BjaERMlfln in cog ceils 

The heavy and light chain chimaeric ganes, as 
well as the mouse heavy and light chain cDNA clones, 
were inserted separately into the unigue EcoRI site 
of plasmid pBB6 (27). The light chain encoding 
plasmid was designated SB4.cL.neo. For the chimaeric 
heavy chain, this was accomplished by using an. 
oligonucleotide adapter to change the 3' BamHI site 
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to an Ec Rl site to give an Ec RI fragment f r 
cloning. The heavy chain encoding plaamid was 
designated E26.eH.gpt. Thia plaamid contains the 
strong promoter/enhancer and transcriptional control 
element from the human cytomegalovirus (hCHV) 
inserted into a unique Hindlll site upatraam of the 
Scoxx site. In addition, an 8V40 origin of 
replication aite is provided by the SV40 early 
promoter which drives a selsctabla marker gene, 
either a neomycin-roaistance gene (neo) for light 
chain genea or a guanine phosphoribosyl transferase 
gene (gpt) for heavy chain genes, inserted into a 
unique BamHX aite. The piasmid alao contains ah 
ampicillin-resistance gene allowing selection and 
propagation in bacterial hosts. The structures of 
the expression vector and immunoglobulin gene inserts 
are shown schematically in Figure 4. 

TMnBfaeHona ftpj B T.TCl Analysis Of AntlbQdV 

Production 

The four expression constructs described above 
were used singly or in heavy/light" chain gene pairs 
to transfsct COS-l cells (26). The cells were left 
to incubate in DHA-DEAB dextran solution for six 
hours, then ahocked for two minutea with 10% DM80 in 
HEPES-buf fared saline. The cells were waahed and 
incubated in medium containing 10% foetal calf serum 

for 72 hours. 

Following incubation at 37»C for 72 hours the 
cell supernatanta and lysates were analysed by EL ISA 
for heavy and light chain production and binding of 
antigen. 

The medium (500 nl per 10* cells) was removed 
for EL ISA analysis. Call lysates wore prepared by 
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lysis o£ 10» cells in 500 m1 1* Triton X-100, 0.5% 
deoxycbolate, 0.1% SDS, 0.01M sodium phosphate pH 
7.5, 0.1M sodium chlorids and 0.001M EDTA. Lysatee 
and conditioned msdium were centrifuged for 5 minutes 
in an Eppendorf centrifuge to rsmovs nuclei and cell 
debris, and atored at 4»c before analysis. 

Microtitre plates were coated with 0.25 M9 P«r 
well of sheep or goat antibody reactive against 
either human or mouse specific epitopes on the heavy 
or light chains. Supernatants or lyeatea from 
transf acted COS cells were diluted 1:2 or 1:4 
respectively in sample conjugate buffer containing 
0.1M Tris-HCl pH 7.0. 0.1M sodium chloride, 0.02% 
Tween 20 and 0.21 casein. 100 ul of each diluted 
sample were added to each well and incubated for 1 

• hour at room temperature with gentle agitation. 
Following washing six times with wash buffer 
(phosphate buffered saline containing 0.2% Tween 20, 
PH 7.2), 100 ul of 1:5000 dilution of standard 
horseradish peroxidase - conjugated antibody reactive 
against either human or mouse specific epitopes were 
added per well. The plates were incubated for 1 hour 
at room temperature, and then washed six times with 
wash buffer. 100 ul of substrate buffer containing 
0.1 mg/ml tetramethylbensidine (THB) , 0.1M sodium 
citrate, pH 6.0 and 0.005% H»0t were added to 
each well to generate a colour change. The reaction 
was terminated after 2-3 minutes by adjusting the 
solution to pH 1.0 with 1.5M sulphuric acid. The 
optical density was determined at 4S0nm for each well 
by measurement in a bynateeh laboratories MR600 
micropiate reader. Standard curves were generated 
using known concentrations of the appropriate human 

* or mouse immunoglobulins . 
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Antigen binding assays were performed in an 
analogous manner. Microti tre plates were coated with 
0.25 ng psr well of purified TAO-72 antigen (6) 
obtained from human .patients or from tumour . 
xenografts implanted in nude mice {both gifts of J. 
Schlom, NCI). Following washing six times in wash 
buffer, samples from COS-cell tranaf actions were 
added aa previously, and the same subsequent 
procedures carried out, using goat anti-mouse or 
human F<ab')* linked to HRP as the second antibody. 

a n umb er of assay systems using different 
capture antibodies were developed and 
croes-correlated to investigate the potential 
products of each transf action. In all cases, mouse 
light chain and chimaeric light chain were detected 
in the supernatants and lysates of appropriately 
transf ected cells. However heavy chains were only 
detected in the supernatants when co-tranafected with 
light chain. A low level of heavy chain was detected 
in the cell lyeate in each case, supporting a m 
suggestion of inhibition of heavy chain secretion in 
the absence of light chain. 

Assembly assays, which detect the presence of 
associated polypeptide chains, demonstrated the 
formation of multimers containing at leaat one heavy 
and one light chain when both genes were 
co-transfected. Mouse genes and chimaeric genes 
appeared equally capable of assembly and formation of 
hybrid molecules. 

Antigen binding analysis (see above) 
demonstrated that the mouse heavy and light chain 
co-tranafections generated an antibody molecule 
capable of recognising antigen. Replacement of the 
mouse gene for either chain with the appropriate 
chimaeric gene led to the production of a hybrid 
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molecule with antigen binding specificity in the 
ELI 3 A assays. Finally, transfsction o£ tha COS calls 
with tooth tha chisiaeric haavy and light ehain genes 
gsnerated a complata cbiisaaric antibody molecule with 
antigen binding apacificity. Tha EtISA data from ona 
experiment are presented in Figure 5. These 
experiments demonstrate that ••humanisation" of tha 
antibody molecule doaa not have a significant effect 
on its antigen recognition capability. 

janamamc i ttitiUBa n * aafclhata MnTmiitf from , 
r <„,^«r< e . m LafesJJUd gfifcfiia Transfectantm 

Preliminary experiments suggested that there 
was little expression from the transfected PNA in tha 
initial 24 hours. Accordingly following 
transfsction. COS cells were allowed to recover for 
24 hours in PMEM containing 10% foetal calf serum. 
The medium was then replaced with methionine-free 
PMEM, to which C* , S] methionine (NEW) had been 
added at 200 pCi/ml. The eells were metabolically 
labelled for 49 hours, and conditioned media and cell 
lysates prepared as previously. 

Analysis by reducing SPS-PAOB of aliquots of 
COS cell supernatant demonstrated the appearance of 
labelled immunoglobulin protein without further 
purification, while use of Protein A-Sepharose was 
shown to selectively precipitate whole antibody, but 
not light chain alone, from the COS-cell supernatant. 

Further analysis of the assembly and secretion 
of antibody molecules waa performed by 
immunoprecipitation using anti -human F(ab')s and 
anti-human C-kappa anti-sera bound to Protein 
A-Sepharose. Af f inity r purif ied rabbit antibodiea 
against human IgG F(ab')i and human K chain ware 

f 
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used £or immunoprecipitations. following coupling to 
Protein A - fiephaross. Both cytoplasmic and secreted 
antibodies were analysed on an SM-10% PAG* system 
under raducing and non-reducing conditions. The gal 
was traatad with an autoradiography enhancer, driad 
and exposed to Fuji RX film. Tha rasults ara ahown 

in Pigure 6. 

Both antisara immunopracipitatad protaina with 
an apparant molecular waight of 33K and 28K, which 
coincidad with tha positions of tha Coomaasie-stained 
immunopreeipitating haavy and light immunoglobulin 
chains reapectively. Tha usa of tha lattar antiaara 
demenatrated that light chain ia found associatad 
with haavy chain in the C08-eell superaatanta. A 
compariaon of immunoprecipitations analyaad by 
raducing and non-reducing SDS-PA0I (See Figura 7) 
auggaata that tha haavy and light chains ara 
asaemblad aa tha eorract tatramaric molacula. In 
addition thara is avidanca for tha eacretion of fraa 
light chain dinars and partially aesembled heavy and 
light chain multlmers. 

Due to the presence of aecondary atructure 
caused by disulphide bonds, the mobility of the 
immunoglobulin chains is different in the two 
systems. In order to analyse the presence and 
potential role of glycosylation, COS calls were 
treated with tunicamycin, at the sane time aa the 
radioactive label was added. To inhibit H- linked 
glycosylation, C08 cells were grown in medium 
containing 10 ug/ml tunicamycin diluted fro* a stock 
solution.- To enaure that the pool of iipid-linked 
oligosaccharide was depleted, the cells were 
maintained in the tunicamycin-containing medium for 2 
hours prior to addition of radioactive label. 
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Following immunoprscipitation the protein 
products vara analysed by SDS-PAOK, as shown in 
Figure e. It is clear from the decrease in apparent 
molecular weight, from 55K to 52K, that the chimaeric 
heavy chain, but not the light chain, undergoee 
H-linked glycosylation. When the glycosylation is 
inhibited, the protein is still secreted, although 
the level of expression appears to be decreased. 

These results demons trate that each of the 
• immunoglobulin genea is correctly transcribed and 
translated. The two mouse genes and -the chimaeric 
• light chain are cDNA-like, while the chimaeric heavy 
chain gene possesses characteristics of hoth cDNA and 
genomic DMA. Both types of construct appear to be 
expreeaed at a similar level and with similar 
fidelity. It is clear therefore that transcript 
splicing occurs where necessary, but it ia not an 
obligatory requirement for correct expreeaion of 
immunoglobulin genes in CO*-cells. 

The expressed heavy and light chains associate 
in the correct manner, presumably limited by the 
availability of free polypeptide chain. Mouse and 
human polypeptide sequences appear interchangeable in 
the aasociation of heavy and light chains. The 
product is an assembled tetrameric antibody molecule, 
which is expressed at a high level, glycosylated and 
secreted into the culture medium. 

Bagalagmflni gtabia c«n tin«g in cm ceils 

fft n l?In Ll« tfl * Chain Proofing Call Line 

Chinese hamster ovary (CK0-K1) cells were grown 
in attached culture in' Dulbecco's Modified sagles 
Medium (DMEM) containing 10% foetal calf serum (FC8), 
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n n-eaeential amino acids (NBAA) and glutamine 
(2mH). A confluent culture wa« trypainiaed, tha 
cella waabed onca in phosphate buffered saline (PBS) 
and raauspanded at 10* cells/*l. 

SNA from plasmid EB6.cL.nao, comprising tha 
chimaeric light chain gana expreseed from tha HCHV 
promoter, was dioeeted with Ball to generate linaar 
molecules and than athanol precipitated. Tha 
pracipitata was rasuspandad in PBS and 40 »g of X>NA 
was addad to 10' CHO-xi calla in buffer at 4»c. 
Tha DNA was introduced into tha calls by 
electroporation, in which the cell suspension and DNA 
were traatad with two pulaea of 2000 volts. After 
electroporation the cella ware returned to 4«C for 
10 rain prior to plating out at a density of 5 x 10» 
calls par 90mm Petri diah in DMEM growth madium 
containing supplements. 

Following incubation at 37»c overnight, 
aalection for introduced DNA was applied by adding 
0418 to a final concentration of lmg/ml. Resistant 
colonies were obaerved after 10-14 days incubation in 
selective medium. 

Reaiatant colonies were picked from the 
transformation plataa using filter paper squares 
soaked in trypsin solution and transferred into 
individual walla of 24 well tieeue culture platas. 
The culture medium from the wella waa assayed for the 
presence of chimaeric light chain uaing an BWSA 
assay and cell linee secreting li«ht chain wars 
idantifiad. Lines producing light chain at levels 
between lOOng/ml and 16 ng/rol were identified. Those 
producing the highest amounts were cloned out by the 
limiting dilution method. One such clone, cLl8. was 
used for subsequent studies. 
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at a au chim a ggic aniiboto Producing oil L i nt 

DMA from plaemid BB6.cM.gpt {also dealgnated as 
JA96), comprising the chimaaric heavy chain gene 
•xpraaead from tna HCMV promoter, was digeatad with 
sail to a«n«rata linaar molecules and than athanol 
prapieitatad. CH0-CL18 calla producing chimaaric 
light chain vara praparad for electroporation aa 
described above, and tha JA98 DKA (40 »g par 10* 
calla) was introduced by alactroporation. Pollowing 
ovamight incubation in non-eelective medium, 
••lection for reeietance to mycophenolic acid was 
appliad. Selective medium compriaed PKSM, 10% PC*. 
nbaa, glutamine, xanthine, hypoxanthina, thynina and 
mycophenolic acid "(10 gg/ml). Beei.tant coioniaa 
vara detected af t*r 10-14 daya .and thaaa vara pickad 
into 24 wall plates aa daacribad abova. Antibody 
producing celi'linee wara idantiflad uaing an antigan 
binding aasay baaad on tha antigan TAG-72 racogniaad 
by tha antibody B72.3. Call linaa producing antibody 
at lavala ranging from 0.1-40 ug/ml wara iaolatad. 
Two of thaaa cell linaa, P6 and FU. wara uaad in 
furthar studias. 

* 

Pin»1f4g»»4*« at fi*<mmmr±tt AntibOdY 

Chimaaric B72.3 waa purifiad from CHO call 
cultura auparnatant by affinity chromatography uaing 
Protain-A Sapharoaa and ion-exchange chromatography. 
Call cultura auparnatant waa adjusted to pH 8.8 with 
■odium glycinate (0.2M) and applied to a column of 
Prbtein-A Sapharoaa pre-oguilibrated with 
glycine/glycinata buff«r at pH 8.8 (50mM). After 
•ample loading/ the column waa waahad with 
equilibration buffer and the antibody elutad with a 
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gradient of decreasing pH mads u. of dlsodium 
hydrogen phosphste (0.2M) and citric acid (0.1H). 
Fractions containing cbimaeric antibody were pooled, 
dialyzed into 50 mM phosphate buffer pH 8.0 and than 
applied to a column of BEAI-Sepharose 
pre-equilibrated with SOnM phosphate buffer pH 8.0. 
The column waa washed with equilibration buffer and 
•lution of antibody achieved with a linear gradient- 
of sodium chloride from 0.0 to 0.2M. Purified 
antibody was then dialysed into an appropriate buffer 
for the intended use, e.g. P85 for animal studies, 
and concentrated by ultrafiltration. Typical yields 
of chimaeric antibody were 20 mg per litre of 
starting supernatant. 

purity and assembly of the chimaeric antibody 
was tested by sps-polyacrylamide gel electrophoresis 
( PAGE ) , both reducing and non-redueing (Pig 9), and 
by BPLC gel filtration. 

N-terminal amino acid sequencing of the 
antibody revealed a single sequence encoding light 
chain, which corresponded exactly to the expected 
amino acid sequence deduced from the DMA sequence. 
The heavy chain waa N-terminally blocked and not 
amenable to amino acid sequencing. Antigen binding 
activity was demonstrated in an ELI 8 A format assay. 

Chimaeric B72.3 made in COS or CHO cells 
contains a proportion of material (10-20%) which 
fails to form an inter-heavy chain disulphide bridge 
but otherwise assembles correctly into 150*!> 
molecules containing two heavy and two light chains. 
This material ia present in antibody when secreted 
from the cell and co-purifies with antibody in which 
the inter-heavy chain diaulphlde bridges have 
formed. This appears to be a common property of 
human IgG4 m lecules and occurs with all molecules of 
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this type analyaed to date, Including a mouse-human 
Ig04 chimaeric anti-NP antibody and two different 
Xg04 myaloma proteins. 

On non-reducing SD8-polyacrylamide gal 
electrophoresis of cbimaaric B72.3, two bands ara 
seen, ona at the expected size of 150 JcD and one of 
about 80 Kb (Fig. 9) Both of theee bands eon tain 
intact heavy and light chains as shown by 
non-reducing/reduoing two dimensional SDS-page (Fig. 
10). Reducing flDS-PAOB shows only intact heavy and 
light chain (Fig. 9). Native (non 8D8) 
electrophoresis and HFX.C gel filtration show only one 
sptcies corresponding to ISO JcD material. Thus the 
about 80 kD band aaen on non-reducing SDS-PAGE 
repreaents materials with a molecular weight of 150 
JcD in solution. The two halves of the molecule are 
only separated when other inter-heavy chain 
. interact! ona are disrupted, e.g. when run on 
non-reducing 80S -FAGS 

Effieaev fitud* fy 

1 

The chimaeric B72.3 antibody is capable of 
being used to advantage in a number of 
circumstancea. For example, after suitable labelling 
by radioisotopes or other detection procedure, the 
antibody can be demonstrated to locate and bind in 
YiYO to solid tumours where some or all of the tumour 
cells expreaa the specific antigen TAG-72. The 
experiment described below is one example of the 
ability of the chimaeric antibody to locate human 
tumour calla bearing the specific antigen, in this 
case in a nude mouse model system. 

Chimaeric B72.3 and mouse B72.3 antibodies were 
radioactively labelled with by the Chloramine 
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T method to an approximate specific activity of 
5 uCi/yg. Croups of 4 female nude mica bearing 
subcutaneous LS174T xenografts on the flank were 
injected intravenously with 100 pCi of either 
Chimaeric B72.3 or mouse B72.3 in 0,1ml PBS. Groups 
of animals were sacrificed at Intervals for the 
collection of tissue samples, which were weighed, 
dissolved in 7M potassium hydroxide and counted in an 
LXB model 1270 "Rackbete" counter. Tissue uptake was 
calculated as the mean percentage of "injected dose 
per gram of tissue from a group of four animals. 

Pig. 11 shows a time course study of the mouse 
and chimaeric antibodies and demonstrates clearance • 
of the antibodies from the blood pool and uptake at 
the tumour site. The chimaeric antibody appears to 
clear somewhat faster from the blood pool but locates 
to the tumour adequately with approximately the earns 
profile as the mouse antibody. This sample data 
suggests that the novel engineered antibody is 
functional In Xlata* 

Fig. 12 shows the tumour to tissue ratio at 24, 
48 and 168 h. It can be seen that tumour/tissue 
ratios increase with time and that in this model" 
system the chimaeric antibody has a superior 
tumour /tissue ratio compared to the mouse antibody. 

Chimaeric B72.3 - Other ToO Tsotvoee 
ConstTuction of Chimaerig Antibody Genes 
Ageamblv of ChlmtHft AtuHfeadv fliMH 

O.nomic DMA sequences containing the human 
XgGl, 2 and 3 genes wer ie lated from larger DNA 
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inserts in phage X «»d "ere introduced into phage 
M13 via pJAlOS which contains the human Ig04 gene 
with a HindHI site at the 5' end of the CHI axon and 
a BamHZ 3' to the CH3 exon. The HI 3 vac tor is 
M13tgl30 which has two amber mutations in essential 
genes and is therefore suitable for high efficiency 
site-directed mutagenesis experiments using the 
procedures described earlier. A HindllX site was 
introduced at the 5' end of the CHI exon in each 
ieotype gene to givepRBil (XgOl), p r B 14 (Zg02) and 
PRB16 (Zg03). 8alZ and BglZZ sitas were also 
introduced into pftBU towards the 3« end of the CHI 
exon and towards the 3' end of the intron following 
the CHI exon respectively. The isotypes were then 
reisolated as HindZZl-BamHX fragments and sub-cloned 
into PAT1S3 to give RBI 8 (IgGl), RB26 <Xg02>, and 
RB20 (XgG3). The B72.3 VH DNA sequence was isolated 
and was ligated to the linXing oligonucleotide which 
was used earlier to make the ZgG4 chimaerlc heavy 
chain gene so as to give an EcoRX-HindXZX VH 
fragment. This fragment was ligated to the human 
igOl HindZTZ-BamHl containing fragment of RBI 8 and 
cloned in PAT153 to give pBB22. 

To construct the chimaerlc B72.3 VH, the VH fragment 
described above was ligated to the HindZU-BamHZ 
fragment of pRB26 and recloned in pAT153 to give 
PRB27. 

To construct the chimaeirc B72.3 VH/Zg03 gene, 
the VH fragment described above was ligated to the 
HindZZZ-BamHZ fragment of pRB20 and recloned in 
PAT1S3 to give pRB23. 

Assembly of QansM la on v~»i-n,-« 

The chimaeric genes wejce isolated as 
EcoRX-BamHZ fragments from pRB22, 27 and 23 described 
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ab v and cloned between the Ecofi and Bell sites of 
JA96, tha B72.3 I 904 chimaeric heavy chain expression 
vector, thu» replacing the Xg<M chimaeric gene. The 
resultant chimaeric expression plaemids were named 
FB24 (IgOl chime era). RB28 (Jg02 chimaera) and RB23 
<XgG3 chime era) 

Demons tratlcn of production, aaeembly end 
activity were performed aa in Example 1. 

EXAMPLE, J, 

Construction of rr a h« l tt^vtr chmln 
Aeaemblv of rfahn flBna 

PJA79 is an Hi2tgl30 vector which contains the 
human XgG4 heavy chain gene modified so that the 
sequence from the first nucleotide after the last 
codon of the hinge exon to the last nucleotide of the 
CH3 domain inclusive has been removed by 
oligonucleotide directed site specific deletion. 
The hinge and 3' untranslated -region and part of the 
M13 sequence can be isolated as a 1.1 kbp'Bglll 
fragment. This fragment oan be used to replace the 
analogous fragment in the full length B72.3/Ig64 
chimaeric heavy chain gene clone pJA93 to give 
plasmid JA94 which therefore contains a chimaeric 
gene potentially capable of being expressed to 
produce a B72.3 Ig04 chimaeric P(ab« ) heavy chain 
protein. 
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A8i»mbly Qf gaflfl in ion Victor 

Plasrold pJA94 described above was used to 
recover the P(ab') gene as an EcoRI-BamHI 1475 bp 
fragment. This fragment was cloned into the unique 
EcoRI site o£ the pEB6 expression vector using a 
BanHZ to EcoRI oligonucleotide adapter to give pJA97. 

Teat of gejLftl f.^ fl 

The chimaeric P(ab») gene in pJA97 was 
expressed in COS cells in conjunction with a suitable 
construct capable of expressing of chimaeric light 
chain polypeptide as described above. PAGE analysis 
of the expression products and subsequent inspection 
of the DMA sequence of the CHI-hinge intron suggested 
that splicing out of the intron was not occurring 
correctly leading to the production Of an aberrant 
heavy chain polypeptide. 

Reconstruction of ToQ4 WahM Hmw chmir. 

Assembly of yfah'i flgpe, 

PJA94 described above was derived from pJA93 
which in turn was derived from pJA91. This clone was 
initially an M13tgl30 based vector, i.a. an- amber 
phage capable of being used in the efficient 
gap-heteroduplex mutagenesis procedure described 
earlier. In order to repeat the mutagenesis 
procedure at high yield, the chimaeric P(ab') heavy 
chain gene was isolated as an EcoRI fragment and 
recloned into M13tgl30 to give pJAlOO. By 
oligonucleotide directed site specific mutagenesis, a 
flail site was introduced towards the 3' end of the 
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CHI axon to give pJA108. The introduced Sail site in 
the CHI domain codes for the fifth and fourth from 
la«t amino acid* of the CHI domain. To reconstruct 
the hinge into the end of the CHI domain, four 
oligonucleotides were made which together are able to 
code for the last five amino acids of the CHI domain, 
the hinge sequence, two in-frame stop codons and an 
EcoRI site. 

The oligonucleotides were assembled and cloned 
into M13 and mpll between the Sail and EcoRI sites in 
the polylinxer, sequenced, reisolated and ligaced to 
the gene containing the EcoRI-sall 7p0bp fragment 
from pJAl08 to reconstruct the chimaeric B72.3 F(ab') 
heavy chain gene. 



The reconstructed CHI /hinge sequence should be: 
CHI hinge 

Asp Lys Arg Val oiu Ser Lys Tyr Oiy Pro Pro cys Pro 
8er Cys Pro Stop 

The oligonucleotide used to form this CHI/hinge were 

1 . S TCG ACAAGAGAGTTGAGTCCAAATATGGG 

2 . 3 ' GTTCTCTCAACTCAOOTTTATACCCOOGG6 

3 . 5 ' CCCCC6T0CCCATCATGCCCAT6AT0 

4 - 3 ' CACGGGTAGTACGGGTACTACTTAA 

In the vector, oligonucleotides l and 3 produced the 
sense strand ^and oligonucleotides 2 and 4 produced 
the anti-sense strand. 
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Assembly of Q»n« in EZBIftaalfiD Sttfitflg 

• 

Tht chinaaric B72.3 F(ab' ) heavy chain gene 
fragment, asaembled aa dascribad above, was 
subaaquantly elonad Into tha EeoRX vactor fragment of 
PJA96 to giva pJA114. 

Taat of ggngj In ffQg r>11. 

Tha ganas vara taatad in COS calla aa daacribad 
abova. On non-reducing SD3-PAGE tha natarial 
appaared to ba produced aa F(ab') material only. 
Raducing SDS-PAGE showed tha presenca of light chain 
and truncated heavy chain equivalent to that expected 
from the P(ab') gene. 

Pevalppment.of stable Cell frlnm in run c»n. 

The expression plaemid pJAlU, comprising the 
B72.3 chimaeric P(ab') heavy chain gene fragment 
•xpreaaed from the HCMV promoter, was introduced by 
electroporatlon into the CHO cell line CL18 described 
above. The procedure was similar to that deacribed 
for introduction of the full length chimaeric heavy 
chain except that the sail digestion was omitted and 
the PHA was introduced as closed circular OKA. Cell 
lines resistant to myeophenolic acid and expressing 
function F( ah') antibody were identified by screening 
culture eupernatants in an antigen binding ELISA 
format assay as described earlier. Cell lines 
expressing between 0.1-6 ng/ml F(ab' ) were isolated. 
One cell line, FB9 was used for further studies. 
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Purification nf chimeric rt*h'U Antony 

Chimaeric F(ab') was purified from CHO call 
supernatant using immunopurif ication . An 
immunopurification reagent was praparad by linking 
NH3/41, an antibody was apacifielty for human Kappa 
chain sequence, to cyanogan bromide aotlvatad 
S ©pharos e by standard methodology. This aatarial waa 
racked into a column and equilibrated with PBS. CHO 
call culture supernatant containing chimaerlc F(ab' ) 
was applied to the column and the column was washed 
with PBS. Slut ion of chimaeric F(ab') was then 
achieved using 4.3M guanidine hydrochloride. 
Fractions containing chimaerlc F(ab') were then 
•dialyzed extensively into PBS and concentrated by 
ultrafiltration. 

Purity and assembly. of F(ab') was tested by 
SDS-PAGB (both reducing and nonreducing and by HPLC 
gel filtration. Antigen binding activity was 
demonstrated using an BLISA format assay. 
Approximately 10% of the material can be found as 
P(ab')a which forms without further treatment. 

example a 

Chimaerlc 872.3 Tad w«K») f 

Construction of h«»w r hmin f»«n» 

Example 2 discloses the vector RB22 which 
contains the B72.3/human IgGl chimaeric cloned gene 
in pAT153. Vectora JA96 and JA108 are mentioned 
above. The plasmid TR002 containing hinge modified 
gene was constructed as shown in Figure 13. The 
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chimaeric F(ab 9 ) region containing the B72.3 VH/igOl 
was isolated as a 0.7 kbp fragment from RB32 by 
treating the dna with Sail, removing the 5* phosphate 
from the Sail site with calf intestinal phosphatase 
(CXP) and recuttlng the DKA with EcoRI. 

The igoi hinge was assembled by kinase 
labelling Soopm of top and bottom strand 
oligonucleotide and annealing the oligonucleotides by 
beating to 70* C and cooling to room temperature in 
the kinase buffer. The hinge fragments were ligated 
to the 0.7 kbp fragment from JA108 prepared as above , 
and the CIP'ed 5' ends were klnased. 

Assembly of fijtllfl in gttpr««gion Victor 

The chimaeric B72.3* IgGl F(ab ? ) heavy chain 
gene fragment, assembled as described above, was 
subsequently cloned into the ScorZ/CXP treated vector 
fragment of JA96 to give TR002. Expression of TR002 
in suitable cells with an expression vector capable 
of producing a useful light chain, for example 
chimaeric or humanised B72.3 will produce material 
which should assemble to give F(ab') and which will 
on suitable post trans la tional modification in vivQ 
or In vitro give F(ab f )t • 

Thus, it has been demonstrated that it is 
possible to produce a HAM having specificity derived 
from a mouse MAb but having human constant regions, 
and which may have an important note to play in 
cancer diagnosis and therapy. 

It will be appreciated that the present 
invention has been described above by way of 
illustration only, and that variations or 
modificati ns of detail can be made without d parting 
fr m the scope of the inv ntion. 
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CT.ATMS 

1. A humanised antibody molecule (HAH) having 
specificity for the 7A6-72 antigen and having an 
antigen binding site wharaln at least the 
complementarity determining regions (CDKs) of the 
variable domains are derived from the mouse 
monoclonal antibody B72.3 (B72.3 MAb) and the 
remaining lmmunoglobulin-derived parts of the HAN are 
derived from a human immunoglobulin. 

2. The HAM of claim l, wherein the entire variable 

domains are derived from the B72.3 MAb. 

i 

3. The HAM of claim l or claim 2, when produced by 
recombinant JDNA technology. 

4. The HAM of any one claims 1 to 3, which 
comprises a complete antibody molecule, an Fab 
fragment or an (Pab')a fragment. 

5. The HAM of any one of claims 1 to 4, wherein an 
effector or reporter molecule is attached thereto. 

6. The HAM of claim 5, wherein the effector or 
reporter molecule is a protein molecule which is 
coexpressed as a fusion protein with one of the 
chains of the HAM. 

» 

7. A process for producing the HAM of any one of 
claims 1 to 6, which process comprises 

.(a) producing in an expression vector an 
operon having a DNA sequence which encodes an 
antibody heavy or light chain wherein at least the 
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CDRs of the variable domain are derived from the 
B72-3 MAb and the remaining immunoglobulin-derived 
parte of the antibody chain are derived from a human 
immunoglobulin; 

(b) producing in an expression vector an 
operon having a DHA sequence which encodes a 
complementary antibody light or heavy chain wherein 
at least the CDRs of the variable domain are derived 
from the B72.3 MAb and the remaining 
immunoglobulin-derived parts of the antibody chain 
are 'derived from a human immunoglobulin; 

(c) transf acting a host cell with the or each 
vector; and 

(d) culturing the transf ected cell line to 
produce the KMC. 

8. The process of claim 7, wherein the heavy and 
light chain encoding sequences are present on the 
same vector. 

• 

9. The process of claim 7, wherein the heavy «nd 
light chain encoding sequences are present on 
separate vectors. 

10. The process of any one of claims 7 to 9, 
wherein the DMA -coding sequences comprise fusions of 
cDMA and genomic DMA. 

11. The process of claim 10, wherein the host cell 
is a non-myeloid mammalian cell. 
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FIG.1 

10 30 30 

GAATTCCCACTCACTCTAACCATGGAATGGAGCTGQGTCTTTCTCTTCTTCCTC^ 

MttOluTrp8artrpValPhal*uPhePhaLauSarV«l 

»0 rr 90 110 

AC*ACAGGTGTCCACTCCOVCttTTC*GCTGC^ 

ThrThrGlyV«lHi«S«rClnV*lGlnL«uGlfiOlnS«rA«pAl»CluL«uV«lLy«PTO 

130 150 170 

OO^IOCTTCAGTGJVAGAXATCCTGCAAGGCTTCTGGCTACACCTTCAClt^CCATGCTATT 
GlyAlaSerValLyailaSarCyaLyaAlaSarGlyTyxThrPhaThrAapHi aAlaXl* 

190 210 230 

CACTGCGCGAAGCAGAAGCCTGAACAGGCCCTGCAATGCAtTGGATATATT^ 
Hi«?rpAl«Ly»GlnLytrroG2uGlnGlyL#uGluTrpZlttGlyTyrZleaerProGly 

2S0 270 290 

AATGATG A7ATT AAGTACAATGAGAAGTTGAAGGGCAAGG CCACACTGACTG CAG ACAAA 
AsnAspAspZleX*ys7yrAanGlul.y$PheLy0GlyLyBAlanirLaQ7nrAlaAapZ.ys 

310 330 350 

1TCCTCCAGCACTGCCTACATGOGCTCAACAGCCTGACATCTGACGATTCTGCA 
SerSerS«rThrAlaTyrH«tGlnLettAsn8«rL«uThrSerGluA8pS«xAl«V«lTyr 

370 390 410 V 

TTCTGTAAAAGATCGTACTACGGCCACTCGCGCCAAGGCACCACTCTCACAGTCTCCTCX 
Ph aCyaLy 0 Ary 6 arTyrtyrGlyfil aTrpOly Gl«G 1 yThrThrLeuThrVa lSerBar 



10 30 SO 

ATCACACACACACACATGAGTGTOCCCACTCAGCTCCTGGGGTTGCTGCTGCTGTO 

Ha tSerVa IProTbr GlnVa lLauGlyLauLaaLouLauTr pLau 

70 p 90 110 

acagatgccaciatg^hiacatccagatgactcagtctccagcctccctatctgtatcw 

ThrAapAl«ArgCyaA»pIl*Glj>MatThrGlnfiarProAla$«rIrau8erValSarVal 

130 150 170 

G<^GAAACTGTCACCATCACATGTCGAGCAAGW^GAATATTTACAGTAATTTACCATW 
GlyGluThrValThrlleThrCysAryAlaSsrGluAsoZleTyrSarAanLeuAlaTrp 

1»0 . 210 230 

TATCAACAGAAACAGGGAAAATCTCCTCAGCTCCTGGTCTATGCTOCAACAAACTTAGCA 
TyrolnGliayaGlnGlyLyaSarProGlnLauz^uValTyrAlaAlaTbrAanLeuAla 

250 270 290 

GATGGTCTGCCATCAAGGTTCAGTGGCAGTGGATCGGGCACACAGTATTCCCTCAAG^ 
AapGlyValPxoSarArgPhaSerGlyS«rGlySerClyThrGlnTyrSarL«uLyaXla 

310 330 350 

AACAGCCTGCAG1TCTGAAGATTTTGGGAG9TATTAC7GTCAACATTTTTC 
AanaarLauGlDSarGiuAapPhaGlySarTyrTy^CyaOliiHiaPhaTrpGlyThrPro 

370 390 410 V 

TACACGTTCGGAGGGGGGACCAGGCTGCAAATAAAACGGGCTGAtTGCTGCACCAACTOTC 
2yrThrPhaGlyGlyGlyThrArgLeuGluIl«LyaAr9AlaAapAlaAlaProThrVal 



i en i 



V/§17I3 



PCT/CBM/00731 



2/I& 



FIG. 2 



B7g.3 murine heavy ehafn pewe 



E x B 



CHI 



J 



Bgll digestion 
Bg BgH 



. E Bg Dgl 

-HSgl + 0 

L 



1qB4 human heevu chain nana 

E CHI H 
JJ 



EH 



H 



synthetic 
linker 



ligation 



J 



Introduction of 
Hindi] I sfU by 
mutogenttls 



j 



EcoRl, Hlndlll 
digestion 



J 



emmaarfc haoYW chain nana 



.RAPID PATENT 
319/01713 



10:703-413-0126 



HKK 20*ya itu:ou MO.UOS r.if 
PCT/GBM/00731 



3/13 



B72.7 mwrtpe. Tight chain gm 




FIG. 3 



I EcoRl, Hptt I ^ 

digestion Hvmnn K If qht chafn ggn? 




Chlmeerlc lloht chain gene 



r n i en I 



PCT/GB88/00731 



4H& 

I Murine heovy chain cDNA 



CHI H CH2 CH3 



Murine light chef n cDNA 



v c FIG. 4 

Chf meeiie heavy chein gene 



V CHI H CH2 CH3 
Chlmeerfc light cheln gene 



HCMV 
promoter 




polyadBngletlon 
site 



selectable marker 
end SV40 ori 



RAPID PATENT 



ID:703-413-012b 



HrK 2U*«» ZUOA NO.UOS r.U 

PCT/CBW/00731 




HrK iduys 2U:^2 No. 039 P. 20 
PCT/GBM/00731 



1 2 3 4 5 6 



-94 
-67 

-43 



-30 



-20 



FIG. 6 



RAPID PATENT IDJ703-413-012O hfk 2U «d iv-o* rto.uos r.zi 

*aW/OtTB PCT/QB88/W73] 



7//3 



i- red. Red. 
1 2 3 4 5 6 



-160 

-94 
-67 

-43 

-30 
-20 



FIG. 7 



nris aw 9j • oo no . uoa P. 22 

Pcr/OBsa/00731 



S//3 



12 3 4 
Tm • + • + 



-94 

-67 



52 



-43 



-30 



FIG. 8 



• RAPID PHTENI 



PCT/CBM/00731 



SDS-PAGE OF CHIMAERIC B72.3 



NON-REDUONG 




REDUCING 



94K» 
67K* 



43K»> 



V 



.5^ »■ 



67K> 



30K»» 



20K> 



FIG. 9 



nr* *o;o* P .24 



O«01» PCT/CB88/P0731 

to/13 

2- DIMENSIONAL SDS-PAGE OF CHIMAERIC B72.3 
I * decreasing Mr of non-reducing gel 



67K«w 




1st dimensions non- reducing SDS-PAGE 
2nd dimension: reducing SDS-PAGE 

FIG. 10 



RAPID PHTEN1 

aw/ono 



II ll> 



PCT/GBtt/00731 



FIG. 11 



LS174T XENOGRAFT: CHIMAERtC B72.3 




_ 1W00 
EZ2 causae tnu 



LS174T XENOGRAFT: CHJMAER1C B72.3 



B - 



» - 




i 
1 




I 



i 




00 



is nr x u rnitni 

>eftl7S3 



nrn. a J Awoa no.uos K .2b 

PCT/OB88/00731 



12/13 



CM 
P^ 

m 

z: • 
S i 



> 

CM 

m 



i 

IU 



2 




■""If M 

an 



;o>:#>>"c#>:*>>:*>>:*>>:*>>:o:»:*>>tc#>^>:^>»>-*> 



1 w x*fi 




* is 

a; 

u to 

ii 



I 

a 



¥8 




gam 



D 
O 



t 1 1 1 1 r 

S 8 £ 8 8 S 



t 1 r 




i 



O 



o o 



5 



oiivh anssu /wnowm 



CM IO 



1 



4 



PCT/GB88/0073I 



13/13 




CONSTRUCTION OF TR002 
B72.3VH/HUMAN IflQI F(ab f ) CONSTANT 
cDNA LIKE CHIMAERIC HEAVY CHAIN (tfl HINGE) 
IN EES BASED EXPRESSION VECTOR 
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CONSTRUCTION OF TR002 
B72.3VH/HUMAN IgGI P(ab') CONSTANT 
ODNA LIKE CHIMAERIC HEAVY CHAIN (*1 HINGE) 
IN EES BASED EXPRESSION VECTOR 



